The structural, elastic and electronic properties of ReN are investigated by first-principles calculations based on density functional theory. Two competing structures, i.e. CsCl-like and NiAs-like structures, are found and the most stable structure, NiAs-like, has a hexagonal symmetry which belongs to space group P 6 3 /mmc with a=2.7472 and c=5.8180Å. ReN with hexagonal symmetry is a metal ultra-incompressible solid and has less elastic anisotropy. The ultra-incompressibility of ReN is attributed to its high valence electron density and strong covalence bondings. Calculations of density of states and charge density distribution, together with Mulliken atomic population analysis, show that the bondings of ReN should be a mixture of metallic, covalent, and ionic bondings. Our results indicate that ReN can be used as a potential ultra-incompressible conductor. In particular, we obtain a superconducting transition temperature T c ≈4.8 K for ReN.
gated by first-principles calculations. Because most of the transition-metal mono-nitrides are known to be generally based on cubic or hexagonal metal sublattice, and N atoms occupy octahedral or trigonal prismatic interstitial sites, therefore, all the possible cubic and hexagonal structures are chosen as candidate structures of ReN, including zinc blende (ZB) (space group F43m), rocksalt (NaCl) (space group F m3m), CsCl (space group P m3m), WC (space group P6m2), and NiAs types (space group P 6 3 /mmc).
19 Then incompressibility and elastic anisotropy are discussed. Further, the superconduction transition temperature T c of ReN is estimated using the modified McMillan equation by Allen and Dynes. 20 Finally, the electronic property of ReN is given by electron structure calculation and Mulliken atomic population analysis.
II. COMPUTATIONAL DETAILS
Our calculations on structural and electronic properties of ReN are based on the fullpotential linearized augmented plane waves plus local orbitals method (FP-LAPW) 21 as implemented in the Wien2k package to solve the scalar-relativistic Kohn-Sham equations.
22
For the exchange correlation energy functional, the local density approximation (LDA) is employed. The muffin-tin radii are set to 1.9 and 1.60 bohr for Re and N, respectively. The maximum value l max for the wave function expansion inside the atomic spheres is limited to 10. We expand the basis function up to R M T K max =7.0 (K max is the maximum modulus of the reciprocal lattice vector). Full relativistic approximation is used for the core electrons, and scalar relativistic approximation is used for the valence electrons of 5s5p4f 5d 6s for Re and of 2s2p for N. The self-consistent cycle is achieved by taking 1200 points in the first Brillouin zone. The convergence has been followed with respect to the energy and density.
The elastic constants of ReN are obtained within the framework of the finite strain technique by CASTEP code using first-principles plane-wave basis pseudopotential method (PW-PP) based on DFT. 23 All the possible structures are also optimized by the BFGS algorithm 24 which provides a fast way of finding the lowest energy structure and supports cell optimization in the CASTEP code. In the calculation, the interaction between the ions and the electrons is described by using Vanderbilt's supersoft pseudopotential with the cutoff energy of 310 eV. In the geometrical optimization, all forces on atoms are converged to less than 0.002 eV/Å, all the stress components are less than 0.02 GPa, and the tolerance in self-consistent field (SCF) calculation is 5.0×10 −7 eV/atom. Relaxation of the internal degrees of freedom is allowed at each unit cell compression or expansion. From the full elastic constant tensor we determine the bulk modulus B and the shear modulus G according to the Voigt-Reuss-Hill (VRH) approximation. 25 The Young's modulus, E, and Possion's ratio, ν, can be calculated by the formulae E = 9BG 3B+G
, ν = 3B−2G 2(3B+G)
.
III. RESULTS AND DISCUSSIONS
The equilibrium volume, bulk modulus and its pressure derivative are obtained by fitting the total energy calculated at different volumes to the 3-rd order Birch-Murnaghan equation of state. 26 The equilibrium structural parameters, density, valence electron density, the total energy, as well as the bulk modulus and its pressure derivative obtained from FP-LAPW method are listed in Table I . The energy-volume curve is plotted in Fig. 1 . ReN is more energetically stable in the hexagonal structure under ambient pressure than cubic structure and NiAs-ReN structure is most stable, as shown in Table I and Fig. 1 . In NiAs-ReN (space group P 6 3 /mmc) the unit cell contains two chemical formula units (f.u.) in which two Re atoms are at 2a (0, 0, 0) and two N atoms at 2c ( In order to get more accurate elastic constants of ReN using PW-PP scheme, all considered structures are optimized firstly. 31 The calculated elastic constants are presented in Table   II . For a stable hexagonal structure, the five independent elastic constants c ij (c 11 ,c 33 ,c 44 ,c 12 and c 13 ) should satisfy the well known Born-Huang criteria for stability:
32 FIGURE CAPTIONS V 0 is the equilibrium volume. 
